As an emerging subfield of Management Information Systems (MIS), Human-Computer Interaction (HCI) or Human Factors studies in MIS are concerned with the ways humans interact with information, technologies, and tasks, especially in business, managerial, organizational, and cultural contexts. To date, few studies have either synthesized existing studies or drawn an overview picture of the HCI subfield in MIS. This paper first provides a framework of broad HCI issues and concerns. It then reports an assessment of a sample of published HCI articles in two top MIS journals, MIS Quarterly and Information Systems Research, over a period of thirteen years (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002). It identifies the main topics studied, the main research approaches utilized, the research publication patterns, and the needs for future research efforts in this subfield. The results should be of interest to researchers in this subfield, in the MIS field, and in other related disciplines for future research, collaboration, and publication. #
Introduction
Research that synthesizes existing studies to provide an overview of an emerging field is often scarce but extremely important to advance our understanding of the current status and suggest future directions of the field. This situation is especially pressing for an emerging subfield that is an overlapping or intersection of the two important disciplines, human-computer interaction (HCI) and management information systems (MIS).
As rightly recognized by Hewett and colleagues (Hewett et al., 1992) , there is no agreed upon definition of the range of topics that form the area of HumanComputer Interaction. In an attempt to derive and develop educational materials, these scholars defined HCI as ''a discipline concerned with the design, evaluation and implementation of interactive computing systems for human use and with the study of major phenomena surrounding them'' (Hewett et al., 1992) . It is widely recognized as an interdisciplinary field where many traditional disciplines contribute to the study of its main issues (Preece, Rogers, Sharp, Benyon, Holland, & Carey, 1994) .
Management information systems (MIS) is a community of scholars interested in the development, use, and impact of information technology and systems in social and organizational settings (Zhang & Dillon, 2003) . MIS has been through a steady shift from what was a techno-centric focus to a better-balanced technology/organizational/management/social focus (Baskerville & Myers, 2002) . User attitudes, perceptions, acceptance and use of IT have been a long standing issue and a major theme of MIS since early days in computing (Lucas, 1975; Swanson, 1974) .
Human-computer interaction (HCI) or Human Factors studies in MIS are ''concerned with the ways humans interact with information, technologies, and tasks, especially in business, managerial, organizational, and cultural contexts'' (Zhang, Benbasat, Carey, Davis, Galletta, & Strong, 2002, p. 334) . The emphases have been on both the ''design, evaluation and implementation'' aspect and the ''use and impact in social and organizational settings'' aspect of information technology for human use. Since the 1970s, MIS researchers have published abundant studies concerning HCI issues in many MIS journals. The active HCI-centered minitracks, sessions and workshops in major MIS conferences, along with the newly formed AIS Special Interest Group on HCI, have also shown high interests in HCI among MIS researchers in recent years.
With the fast development and deployment of information systems, information technology and communication technology (in this paper, we use IS or IT to represent them all) into every part of our lives, HCI issues become persuasive and fundamental. They also prompt a need to re-examine what HCI is about and how to conduct research in this area.
Several studies have been conducted to systematically assess the intellectual evolution of the MIS field in terms of its theories, topics, research methods, etc. (Alavi & Carlson, 1992; Culnan, 1987) . However, very few studies have drawn an overview picture of the HCI subfield up to date (Zhang et al., 2002) . The purpose of this study is to reflect on the current status of the subfield in terms of research topics and research methods, to identify gaps that need to be addressed, and to point out future research directions.
Specifically, this paper will first depict a new framework of HCI issues, which is intended to capture the dynamics and richness of the interaction between human and technology. Utilizing the new framework for subject topics and an existing framework for research methods, the paper then reports an assessment of a limited collection of the published HCI articles from two main MIS journals, Management Information Systems Quarterly and Information Systems Research, on the following aspects: (1) the research topics being studied, (2) the research methods being utilized, and (3) the publication patterns of the HCI type research in the two journals over time. From the findings, we identify and discuss areas of need for future research.
The results of this study can provide useful information to scholars and practitioners in the MIS and the traditional HCI fields for future research, collaboration, publication, and practice. They can also be helpful for interested doctoral students to identify potential research topics as dissertation research.
The rest of the paper is organized as the following. Section 2 introduces a framework of broad HCI issues. Section 3 explains the methodology used in this paper for assessing the published articles. Section 4 presents the assessment results. Section 5 discusses and concludes the paper.
A framework of broad HCI issues
Only a few comprehensive frameworks of HCI issues and topics have been developed so far. This coincides with the observation that no agreed upon definitions of the range of topics for HCI exist (Hewett et al., 1992) . Among these few frameworks, Eason (1991) proposed a three-level model of HCI model, as depicted in Fig. 1 .
In Fig. 1 , Level 1 considers human-computer interaction as a form of conversation between two participants capable of processing information. Level 2 broadens the framework to examine user, task, and environmental factors which may affect task performance. The next level considers the factors which are important when human-computer interaction takes place within a socio-technical systems framework (Eason, 1991, p. 722) . In Eason's framework, environmental factors at Level 2 mainly refer to the physical environment such as visual display terminals and physical settings in which computers are used. At Level 3, IT and the interaction Fig. 1 . A three-level model of HCI (Eason, 1991) . between human and computers have impacts on social life by changing the nature of jobs, the way organizations operate, and the way people interact with each other. How human-computer interaction related to the society and organizations is not predetermined. Instead, it is shaped by the way the IT is designed and implemented. We think this multi-level model captures the importance of contexts of HCI concerns in real world settings. Much emphasis of the human, however, is on cognitive ergonomics.
Preece and colleagues (Preece et al., 1994) outlined the components of HCI, as seen in Fig. 2 . The factors in HCI range from system constraints, system functionalities, productivity factors, to task factors, user interface, health and safety factors, comfort factors, the user, and organizational and environmental factors. The model is quite comprehensive in identifying all factors that contribute to HCI design. It also recognizes the user as a complex being with cognitive processes and capabilities but also with motivation, enjoyment, satisfaction, personality, and experience.
From an education perspective, Hewett and colleagues (Hewett et al., 1992, p. 16 ) proposed a framework (Fig. 3 ) that was intended to identify and tie together the building blocks of HCI curricula for Computer Science students with a HCI concentration or major. (Preece et al., 1994) .
The framework identifies the need to understand humans in terms of human information processing, ergonomics, and language and communication. It also includes use and context by outlining social organization and work, and humanmachine fit and adaptation. The emphases of the framework are computer techniques for designing various system elements (devices, graphics, dialogs) for humans to interact with, and the approach and process to design, evaluate and implement interactive systems. This focus is inherent given that the framework was proposed by the ACM Special Interest Group on Computer-Human Interaction (SIGCHI).
The above frameworks have all contributed to our understanding of the possible topics in HCI. Yet, in order to understand the intersection or interaction of the two disciplines (HCI and MIS) and the broad issues studied in the intersection, a new framework is in need. This framework should be relatively parsimonious, thus easy to use. It should demonstrate the major components and their relationships, the dynamic and rich nature of HCI, and the contextual factors that play an important role in HCI. Fig. 4 is our attempt for such a framework of an overview of the broad HCI issues and concerns.
The first basic component is Human. There can be different ways of understanding humans in general and their specific characteristics pertinent to their interaction with IT. One way of examining the human is as depicted in Fig. 4 , where four categories of issues can be explored: (1) demographics that are found in many HCI studies; (2) physical or motor skills, as those investigated in traditional Fig. 3 . ACM SIGCHI curricula for HCI (Hewett et al., 1992). Ergonomics; (3) cognitive issues that have been examined by many HCI researchers in a good number of disciplines; and (4) emotion or affect aspect, which has started to gain attention from HCI researchers recently. The second component is the technology, broadly defined as including hardware, software, applications, data, information, knowledge, and supporting personnel and procedures. Fig. 4 indicates one way of examining technological issues when studying HCI. All the topics in Fig. 4 are meant to be illustrative, rather than exhaustive.
The thick vertical Interaction arrow (the ''I'' arrow) between Human and Technology represents the ''I'' in the HCI. It is the core or the center of all the actions. Traditionally, HCI studies were concerned with designing and implementing interactive systems for specified users, and the usability issues during the development process. The box ''Design/Usability'' on the left side inside the ''I'' arrow indicates this emphasis. A big chunk of existing HCI studies in the traditional HCI literature fits in this box. Its primary focus has been the issues prior to technology release and actual use. Ideally, concerns from both human and technology should influence design and usability issues. Thus the labeling is meant to be bi-directional.
We argue that this view of HCI centered on design and usability is narrow and limited. It misses the other half of the cycle that has a significant impact on this first half and the entire interaction experience a human has. John Carroll and colleagues, more than a decade ago, illustrated the task-artifact cycle by stating that a task sets requirements for the development of artifacts, and the use of an artifact often redefines the task for which the artifact was originally developed (Carroll, Kellogg, & Rosson, 1991) . This cycle idea supports the evolutionary view of examining HCI design and usability, which is depicted in the box on the right side inside the ''I'' arrow, ''Use/Evaluation/Impact'' in Fig. 4 . This second half of the Interaction is concerned with the actual use of technology by users in real contexts, their evaluation of the technology, and the impact of such use and evaluation. It is important to note that design and usability studies should be informed by what we have learned from the use, evaluation and impact of the same or similar technologies. Thus the latter has implications for the former. Historically, this half has been the focal concern for the MIS field, along with organizational psychology, social psychology and social science. In the MIS field, studies on individual reactions to technology (Compeau, Higgins, & Huff, 1999) , IS evaluation from both individual and organizational levels (Goodhue, 1997 (Goodhue, , 1998 Goodhue & Thompson, 1995) , and user technology acceptance (Davis, 1989; Venkatesh & Davis, 2000) all fall in this area.
The picture with Human, Technology, and Interaction alone is still incomplete. Nothing happens in a vacuum. The interaction experience is relevant and important only when humans use technologies to support their primary tasks within certain contexts, being organizational, social or societal. Normally, humans use technologies not for the sake of technologies but for supporting their primary tasks, being job related or entertainment oriented. In addition, tasks are carried out in a certain setting or context that imposes constraints or significance for doing and completing the tasks. Three contexts are identified: organizational context, social context, and global context. The task and context boxes add the dynamic and essential meanings to the interaction experience the human has with technology. In this sense, studies on interaction are moderated by tasks and contexts. The two horizontal arrows connecting with Task and Contexts represent this fact.
Methodology

Article selection
Published research articles need to be selected in order for the authors to identify research topics being studied, research methods being utilized, and publication patterns of the HCI studies in MIS. Owing to the exploratory nature of this study, two MIS journals for a thirteen year period of 1990-2002 were considered as the sources of the articles for analysis: Management Information Systems Quarterly (MISQ) and Information Systems Research (ISR). Only articles on research and education are considered for the analysis. Thus the pool of candidate articles excludes editorial introductions, editorial notes, executive summaries, or announcements.
Each paper in the pool was initially screened for HCI relevance by the criterion that the paper should address one or more aspects that fit the HCI framework outlined in Fig. 4 . A paper is excluded if (1) it is concerned with group support systems or group decision support systems but does not approach it from human aspects either at the individual or collaborative level; (2) it is about pure system design or development methods or processes without linking to user's considerations; or (3) it is concerned with the personnel or human resource management aspect of human factors issues related to IT. This initial screening yielded a total of 171 articles. Each paper was then coded according to the schemes to be explained below. During the coding process, each paper was evaluated again for its relevance. As a result, 20 papers were excluded and 151 were considered for the final analysis.
Classification schemes
Each of the selected articles was classified and coded in two ways: by research topic according to the HCI framework proposed in Section 2, shown as Fig. 4 , and by research method or type according to Alavi and Carlson's research type framework (Alavi & Carlson, 1992) . The latter was modified slightly to reflect the paper collection in this study.
Topic
In the MIS field, there are several attempts in providing a classification of topical subjects of studies. Culnan, for example, identified several research streams of MIS research by examining MIS publications during the period of 1980 -1985 (Culnan, 1987 . Barki and colleagues developed the MIS keyword classification scheme by examining the keywords in published MIS research literature (Barki, Rivard, & Talbot, 1988 , 1993 . Despite the influence and wide use of these classifications, we note two limitations of using them for this study. First, they are intended to classify the entire MIS field, not for a single subfield. Second, they were developed more than a decade ago and have not been updated lately to reflect the development of the fields and changes of research foci.
In this paper, we classify HCI studies according to the broad HCI issues depicted by Fig. 4 . Specifically, at a higher level, we classify an article by whether it is about issues or concerns that occur at the design/usability stage where the technology/ artifact is still ''in house'', or whether it is concerned with issues that occur after the technology/artifact is released and in use in a certain context. Inside each category, we further divide the topics into different aspects. In addition, we identify several articles that are concerned with the general research issues such as methodology and measurement issues, in this subfield. Thus we include this type (also considering articles dealing with teaching or education aspect of this subfield) into the third broad category. Table 1 represents the topic classification scheme developed and used in this paper. It was initially pre-tested by a set of 34 papers and evolved and refined during the rest of the coding process.
Type/method
Alavi and Carlson's research type framework (Alavi & Carlson, 1992 ) is employed in this study owing to its comprehensiveness and wide acceptance in the MIS community (Pervan, 1998; Romano & Fjermestad, 2001) . Fig. 5 depicts the framework.
At the highest level, the framework distinguishes between empirical and nonempirical articles. The empirical articles capture the essence of research by relying on observation and are further divided into those that describe objects and those that describe events or processes. Nonempirical articles are those that are primarily based on ideas, frameworks, and speculations rather than on systematic observation. The three italic types under empirical for events/processes in Fig. 5 are modifications to Alavi and Carlson's original framework: the original ''case study'' is divided into ''positivist case study'' and ''interpretive case study.'' Individual-based ''Interview'' is added to the framework. Table 2 provides the descriptions and examples for the detailed research types reflected in this study.
Procedure
Two researchers independently evaluated and coded an initial set of 34 papers to refine the topic framework and to get familiar with the coding process. All disagreements were discussed and resolved. Then, each of the remaining articles was evaluated for relevance and coded according to the two classification schemes by the two researchers independently. A coding worksheet was developed in Excel to record coding results and explanations when necessary. An article may have multiple subject topics as the essential inquiries proposed by the authors. Only the main topics of the paper were considered when assigning codes for subject topics. The number of topics per article ranged from one to six with a mean of 2.05 and a standard deviation of 1.06. A paper could also be assigned more than one research type if the authors utilized multiple methods. Twenty articles (13%) utilize two methods while the rest of the articles use only one method. The inter-rater reliabilities for the entire set of 151 final articles are 64% for topic and 83% for type. 70% is normally an acceptable inter-rater reliability rate. The relatively low agreement for topic has to do with the fact that many papers have multiple topics and only the main topics should be included in the coding. For this complex coding situation (each paper has one to six topics with a mean of 2 and std of 1, compared to normal situations where each paper has one code), we believe that 64% agreement rate is reasonable. The number of papers with any disagreement is 61. All disagreement was resolved after discussions. Average independent coding time is 14 minutes per paper per coder. Average time for resolving disagreement is eight minutes per paper. Table 3 shows the frequencies and percentages of articles on research topics. Fig. 6 summarizes the article numbers into the three sub-areas.
Results
Topic
Among this collection of papers, the dominating studies are on IS/IT use, evaluation and impact (82% of the overall topics). 14% of the topics fall in the sub-area of IS/IT development. Only 3% of the subject topics address general research-related issues such as methodology and measurement concerns, while no article involves education such as curriculum or study programs.
The number of studies in the IS/IT use, evaluation and impact sub-area also shows an increasing trend over the years. As shown in Table 3 , the most studied topic is behavioral, including studies pertaining to perception, belief, intention, behavior, acceptance, adoption, use, resistance to use, and continued use. The topic on attitude, satisfaction, and preference follows, which is followed by the topic on performance and productivity.
The sub-area of IS/IT development takes only 14% of the collection. Among this sub-area, the most interest has been on user analyst involvement, followed by software/hardware development. User interface design, development and evaluation studies are covered only 13 out of 46 papers of this sub-area.
Overall, the results on the research topic indicate that this collection of research emphasizes a great deal on issues that occur during the stage where IS/IT artifacts have already been released and in use.
Type/method
The frequencies and percentages of research methods utilized in the articles are shown in Table 4 and Fig. 7 .
Overall, the frequency of empirical methods (83%) dramatically exceeds that of non-empirical ones (17%). The frequency of non-empirical studies has been fairly stable over the years. Among them, opinion with examples, applied concepts, and conceptual models have been fairly utilized. Empirical studies have been conducted almost entirely on events/processes (versus on objects). In particular, lab controlled experiment and survey method, each counting about 25% of all the methods utilized, dominate the collection. They are followed by field study, field experiment, development of instrument, interpretive case study, secondary data, interview, and positivist case study.
It is notable that four methods (Framework, Theory from reference disciplines, Opinion with personal experience, and Description of types/classes of products) have not been utilized in this collection of papers.
Publication patterns
In order to demonstrate the publication rates and trends of HCI studies in the two journals, the total number of published research articles is counted. Fig. 8 depicts the publication patterns of HCI studies in the two journals, and as a whole. It shows that there is an increasing trend of percentage of HCI studies in the two journals over the years. The overall percentage of HCI studies is around 40% of all published articles in these two journals during recent years. This is an encouraging discovery for scholars conducting research in this subfield. 
Discussion and conclusion
By examining existing HCI frameworks, proposing a new one to address the broad HCI issues and concerns, and assessing published articles, this paper contributes to our understanding of the current status of research topics, methods, and publication patterns of the HCI studies in the MIS discipline. This understanding is important for the identification and promotion of this emerging subfield in MIS. It should of interest to researchers and young scholars for their future research, collaboration, and publication. This paper is the first attempt to draw such an understanding of HCI studies in MIS based on the evidence of published articles. As such it is limited in scope due to the time consuming nature of such studies. In order to provide an informative picture, only the most recent 13 years of the two top MIS journals are selected as paper sources. Although the 13-year time period is reasonable for this type of research assessment, the journal selection may have had a strong influence on the assessment results. This includes the potential biases of the two journals' emphases on publishable topics and methods. The HCI type research publication pattern may also be affected by the two journals' characteristics.
Another limitation of the paper is the omission of other possible aspects for assessment. For example, the assessment of research can also include active researchers and institutions as some of the MIS research assessment articles did (Pervan, 1998; Romano & Fjermestad, 2001 ). This can provide useful information for young scholars or doctoral students to identify potential academic homes where collaboration is highly possible, and their research interests and effort can be recognized and appreciated. We decided to omit this assessment in this paper as we realized that limiting such a study to two journals might provide a skewed picture.
Future research is planned to include relevant papers in more major MIS journals, and to provide additional assessments such as specific technologies studied, contexts where studies are conducted, and active researchers and institutions.
The fast development and pervasive use of technology prompt a need to reexamine the broad HCI issues in light of the IS/IT development, actual use, and impact on all aspects of our lives. The new framework proposed in this paper emphasizes the entire interaction cycle between humans and technology, rather than a stage or part of it. It also brings in the tasks and contextual factors. This view is intended to show the dynamic as well as the evolutional aspect of issues and concerns regarding the interactions between humans and technology.
The assessment of a limited collection of HCI studies in two top MIS journals demonstrates a wide range of research issues and topics being studied by MIS researchers over the past thirteen years. The dominating issues fall in the area of IS/ IT use, evaluation and impact. MIS researchers are more concerned with issues that occur after IS/IT is developed. These concerns are closely related to humans' perceptions, beliefs, behavior, attitude, satisfaction, performance and productivity, and individual differences. Among the small percentage of studies focusing on the development stage, MIS researchers are concerned with user involvement and participation, user-analyst differences and interaction, programmer cognition studies, and design methods.
The assessment also shows a broad range of research methods employed. The dominating methods, however, lie in empirical studies utilizing lab experiments and surveys to examine issues on events and processes. Due to the dynamic nature of human interaction with technology, task, and context, it may indicate a need to utilize more interpretive research methods such as phenomenology, action research, ethnography, grounded theory, etc. It would help advance the subfield more if there are general instruments being developed and validated, rather than many researchers reinventing the wheel. There are few studies focusing on providing frameworks and high-level overviews of the subfields, which indicates potential research efforts in the future.
Overall, it is exciting to see that there is an increasing number and percentage of HCI studies published in the two top MIS journals over the years. The current status of the subfield may indicate an emerging state, rather than a mature one.
